Introduction

36
The carbon and nitrogen isotopic composition (δ 13 C and δ 15 N) of terrestrial organic matter is widely 37 used for reconstructing past environments for time periods from hundreds to million years. [1] [2] [3] [4] [5] [6] [7] [8] 38
However, organic matter is exposed to degradation as soon as it is transported, integrated into soils or 39 deposited in sediments. Degradation processes of organic matter constitute the earliest stage of 40 diagenesis, which leads in turn to the geological archive as diagenesis stages advance. [9, 10] In this 41 context, paleoenvironmental investigations require consideration of the potential alteration of the 42 primary isotopic signal during early diagenesis because most of the organic matter is degraded during 43 this stage. [11] [12] [13] 44
Changes of δ 13 C values during early diagenesis of terrestrial organic matter (e. g. plant or litter 45 material) are well known and mainly attributed to a preferential loss of 13 C-enriched carbohydrates. [14-46 18] In contrast, nitrogen dynamics during terrestrial organic decay are more complex and consequences 47 on δ 15 N values are not well constrained. [12, 15, [19] [20] [21] Indeed, they involve complex interactions of biotic 48 and abiotic factors: microbial processing vs N sources and environmental conditions. [12, [22] [23] [24] [25] [26] [27] [28] most studies have dealt with litterbag experiments on field or soil incubation. [15, 19, 23, 24, 26, [28] [29] [30] In 54 addition, considering the importance of coarse woody debris in terrestrial organic matter [11, 31] and of 55 immersed environments for the geological archive (sediments), it is essential to assess the effect of 56 early diagenesis on potential paleoenvironmental proxies, such as δ 13 C or δ 15 N, for this material and in 57 these kinds of environments. Because fungi are the most important decomposers of woody 58 material, [32, 33] we designed a laboratory experiment that mainly focussed on biotic factors involved 59 during early diagenesis of woody material, by limiting the action of abiotic factors (by use of constant 60 temperature, oxygenation, pH and absence of light).
61
Centimetric pieces of wood were incubated in water in order to assess the effects of early 62 diagenesis on δ 13 C and δ 15 N values of woody terrestrial organic matter in immersed environments.
63
Wood samples were immersed either in (i) distilled water (DW) or (ii) river water (RW Cretaceous times and is of paleoclimatic interest nowadays. [34, 35] Both extremities of the branch and 76 the bark were removed to clean the branch and avoid heterogeneities that were too large between its 77 different parts (Fig. 1) . The branch (~60 cm long; diameter ~3 cm) was then sliced in ~2-mm-thick 78 pieces, which were air-dried and weighed. given in the Supplementary material, whereas condensed results used for figures are reported in Table   136 2.
137
Results
138
Macroscopic observations and mass-loss patterns
139
At the initial stage, all wood pieces showed multimillimetre-sized zones with reddish-brown 140 colour, which may be attributed to black-rot or soft-rot fungi ( Fig. 2a and b , feature i).
[32] Fungi were 141 probably already within the wood before branch sampling because decay starts as soon as a tree is 142 cut, [39] or even before because wood of living conifers is known for hosting fungi. features were not observed on samples in DW, suggesting that no or less white-rot fungi developed.
151
The degradation features mentioned became increasingly marked at the end of the experiment ( whereas it reached less than 10 % for samples in DW (Fig. 3) . Considering that the amount of 158 inorganic material is negligible in wood, the mass loss is attributed to organic matter loss. In addition, 159 mass loss is linearly linked to time (t) in both waters with a slope three times steeper for wood pieces 160 in RW (-0.36t) than in DW (-0.11t), where t is expressed in weeks (Fig. 3 ).
161
Carbon patterns
162
The carbon content of wood pieces in both DW and RW increased between t0 and t1 (2 weeks), increased from the initial value to 0.12 % at t7 (Fig. 4c) . This reflects an accumulation of nitrogen in 177 the remaining wood, called the 'immobilisation phase'. [15, 21] 178
As a consequence, the atomic C/N ratio decreased linearly from ~650 to ~400 in RW wood as 179 degradation advanced (Fig. 5 ). In the same time, the C/N ratio of wood pieces in DW increased to 180 >800 until t3, and then remained stable until the end of incubation. Those very high C/N ratios of 181 wood pieces are characteristic of fresh wood. [11] In contrast, floating woody particles sampled at t5 in 182 RW showed a C/N ratio of 30 (Fig. 5) , typical of substantially decayed wood.
[11]
183
The immobilisation phase in RW is associated with significantly higher δ characteristics, but black-rot fungi do not support very wet conditions, whereas soft-rot fungi do.
[32]
196
Consequently, based on morphological characteristics of the samples after incubation, soft-rot fungi 197 are the most probable decomposers in DW, whereas white-rot fungi are more likely in RW (Fig. 198 2). [32, 33] white-rot fungi. [32, 33] The low efficiency of soft-rot fungi for degrading wood when compared with 203 Basidiomycetes could thus explain the lower mass loss of wood pieces in DW than in RW. The mass-loss rate of wood pieces in RW (-0.36t; Fig. 3 Those two phases were also reported in different wood specifies species after artificial aging by 210 thermal treatment.
[18] However, the second phase was not observed in wood samples of the present 211 study, suggesting that the first phase of degradation was not entirely completed (Fig. 3) . Extrapolating 212 results to 80 % of mass loss for wood pieces in RW, the first phase of degradation would have been 213 complete in ~220 weeks, which is ~50 weeks longer than reported in soils.
[15] Thus, the degradation 214 rate of wood pieces in RW is slightly lower than measured in soils, [15] and in contradiction with 215 another study [29] that showed significantly higher degradation rates in aerobic water than in soils. This 216 discrepancy could be due to the difference in the plant material used in both studies, which dealt with 217 needles [15] and green leaves from angiosperms. [29] Nevertheless, the mass loss of wood pieces obtained 218 here confirms that this parameter is a good indicator of the state of degradation. [15, 29] 219
Carbon dynamics 220 Natural decomposing and artificial aging of plant material has often shown C enrichment and 13 C 221 depletion in the remaining organic matter, mainly attributed to the preferential loss of carbohydrates 222 (cellulose and hemicellulose) during early diagenesis. [14, 16, 18] In the present study, the increase in 223 carbon content of the samples (remaining wood) incubated in both types of water probably reflects the 224 increasing relative predominance of C-rich compounds resulting from loss of carbohydrates. floating particles, when compared with the remaining wood ( Fig. 4a and b behaviours in C content of samples in both types of waters (Fig. 4a) , C/N variations likely reflect 252 changes in N content (Fig. 5) . Consequently, the rapid decrease in N content of samples in DW ( Fig.   253 4c), and the resulting increase of C/N ratio (Fig. 5) , are most likely due to N release. In contrast, the 254 opposite pattern was observed in samples incubated in RW, with an increase in N content (Fig. 4C ) 255 leading to a decrease of C/N (Fig. 5 ). This points to N accumulation in the remaining wood. In both 256 cases, the microenvironment of samples should be considered and its implications are discussed 257 below. It should also be noted that substantial isotopic fractionation processes like denitrification can 258 be ruled out as it only occurs under anoxic conditions [41] and that N2 fixation, if any, has a very small 259 fractionation factor. (Fig. 4d) . Consequently, leaching is probably not appropriate 267 to solely explain N dynamics in DW.
268
Alternatively, the extraction of N by fungi is suspected because field incubations showed they are 269 able to extract N from the colonised wood by gaining access to proteinaceous material, which results 270 in concentrating N in their mycelium. [43, 44] Thus, rapid N release from wood pieces in DW is probably 271 associated with the development of mycelium that grew partly within the wood and partly in the water 272 (Fig. 2a) . Fungi probably used nitrogen from the wood for their metabolism, leaving it depleted in 273 N. [44] This is supported by the absence of an external N source because DW is nutrient-free. Because plant has been reported [45] and it has also been demonstrated that proteins were 3 ‰-enriched relative 280 to cells. [46] Proteins and amino acids may therefore correspond to the 15 N-enriched compounds 281 preferentially extracted by fungi as a nutrient source, [47] all the more because their preservation 282 potential is low.
[10]
283
River water 284 Nitrogen dynamics in RW samples showed an opposite pattern compared with samples in DW, 285 with N accumulation in the remaining wood (Fig. 4c) wood were positively correlated with N content (Fig. 6a) , attesting that nitrate was 15 N-enriched 313 relative to the wood. Second, the y intercept of a Keeling plot of the data enabled estimating the 314 isotopic signature of the source of N, [52] thus suggesting a δ 15 N-NO3 -equal to 6.6 ‰ (Fig. 6b) , which 315 is in agreement with the typical δ 15 N-NO3 -values measured in rivers of the region (+4 to +13 ‰).
[53]
316
However, according to Miller and Tans, [54] conditions), over the importation of exogenous N. [12, 15, 24, 26, 28, 58] In this context, it has been proposed an increasing C/N ratio. [12] In the same way, other authors have suggested that 15 N enrichment of their 331 incubated litter was best explained by 'microbial-mediated' isotopic fractionation. [24, 26] In all cases, N 332 loss was invoked, which is not observed here. Even though bacterial growth within the remaining 333 wood is in agreement with decreasing C/N values, their main nitrogen source must be the river water. ( Fig. 6a) , which is best explained by the incorporation of exogenous N. [23, 30] The heterogeneous 338 distribution of fungi on samples may also be a major source of that non-explained variance and of the 339 large variability in wood masses (Fig. 3) . processing. [15, 24, 26, 45] The same conclusions were drawn for lacustrine sediments. [12, 58] of samples after 73 weeks (t7). DW, distilled water; RW, river water; i, reddish-brown colour characterising 578 black-rot or soft-rot; ii, black fungi floating from the tree-ring limits; iii, floating woody particles; iv, white 579 spots characterising white-rot fungi; v, increasing uniformity of the coloration. 580 Because woody particles were analysed at t5 without replicates, the error bar is the average error of analyticial 584 devices: ±0.6 and ±0.002 % for C and N content respectively, and ±0.2 ‰ for carbon and nitrogen isotopes. 585
NO3
-in river water (RW) remained at trace levels after t2. 586 
